To examine the associations of abdominal fat and obesity with functional limitations and disability in late adulthood. DESIGN: Longitudinal, cohort study. PARTICIPANTS: African American and white men and women aged 45-64 y at baseline with measured waist circumference, waist-to-hip ratio (WHR), and body mass index (BMI) who participated in the Atherosclerosis Risk in Communities (ARIC) Study (n ¼ 9416). OUTCOME MEASURES: Self-reported functional limitations, activities of daily living (ADLs), and instrumental activities of daily living (IADLs) at ages 52-75 y. RESULTS: Waist circumference, WHR, and BMI were positively associated with functional limitations and ADL and IADL impairment approximately 9 y later among African American and white men and women. For example, in African American women the odds ratios (95% CI) associated with a one standard deviation (s.d.) increment in waist circumference (13.3 cm) for severe functional limitations and ADL and IADL impairment were 2.36 (2.00-2.79), 1.41 (1.25-1.58), and 1.49 (1.34-1.66), respectively. In white women, the odds ratios (95% CI) were 2.66 (2.39-2.96), 1.60 (1.47-1.74), and 1.42 (1.31-1.53), respectively. Similar associations were found in men. A 1 s.d. increment in WHR (0.08 U) and BMI (5.06 kg/m 2 ) produced similar results. The associations of waist circumference and WHR with functional limitations and ADL and IADL impairment were attenuated but, in general, remained statistically significant when BMI was added to the models. CONCLUSIONS: Maintaining a healthy body weight and avoiding increases in abdominal fat should be investigated for their potential to reduce the risk of functional limitations and disability in an aging population.
Introduction
Previous studies have found that obesity increases the risk of subsequent functional limitations and disability in middle aged and older adults. [1] [2] [3] [4] [5] [6] [7] However, few studies have examined the associations between abdominal fat and subsequent functional limitations and disability, even though there is a tendency towards increased abdominal fat distribution with increasing age. 8 Excess body fat distributed in the abdominal area has been shown to increase the risk of cardiovascular disease and type 2 diabetes, 9-13 possibly leading to increased functional limitations and disability as a result of these diseases or by other mechanisms. Several cross-sectional studies have found an association between abdominal fat and functional limitations [14] [15] [16] and disability. 17, 18 For example, large waist circumference and waist-to-hip ratio (WHR) were positively associated with disability among the elderly. 17, 18 In addition, large waist circumference, but not WHR, increased the risk of functional limitations at 2-y follow-up among elderly Australians. 19 Although the prevalence of functional limitations and disability 20, 21 are greater in African Americans than whites, few studies have examined the associations between obesity and functional limitations and disability in this group. Cross-sectional studies have found that obesity is positively associated with functional limitations in African Americans. 22, 23 In addition, obese African American women, but not men, aged 35 y and older were at increased risk of disability 25 y later. 24 We have shown that obesity in young adulthood (age 25 y) was positively associated with functional limitations and disability among African American men and women in the ARIC cohort. 25 To our knowledge, no studies have examined the association between abdominal fat distribution and functional limitations and disability among African Americans. The objective of this study is to examine the association between abdominal fat and obesity in middle adulthood and functional limitations and disability approximately 9 y later in African American and white men and women.
Methods
Data for this analysis are from the ARIC study; a prospective, multicenter investigation of atherosclerosis and cardiovascular disease. 26 27 Participants were re-examined in the clinic in a maximum of four visits at 3-y intervals. The study was approved by the Institutional Review Boards of the four participating field centers. Functional limitations and disability were assessed by self-report at follow-up only (1996) (1997) (1998) . The questionnaire consisted of 12 items, which were grouped into functional limitations, activities of daily living (ADLs), and instrumental activities of daily living (IADLs). Functional limitation items included walking a quarter of a mile, walking up 10 steps without resting, stooping, crouching, or kneeling, lifting or carrying something as heavy as 10 pounds, and standing up from an armless straight chair. ADL items included walking from one room to another on the same level, getting in or out of bed, eating or drinking from a glass, and dressing oneself. IADL items included doing chores around the house, preparing own meals, and managing money. Participants were asked to indicate whether they had no difficulty, some difficulty, much difficulty, or were unable to do these items at all when they were by themselves and without the use of aids. Based on the distribution of responses, functional limitations were categorized into three mutually exclusive categories: severe limitations (much difficulty or unable to do any item), mild limitations (some difficulty on any item), and no limitations (no difficulty on any item). ADLs and IADLs were categorized as any impairment (some difficulty, much difficulty, or unable to do any item) and no impairment (no difficulty on any item) due to the small proportion of impaired responses.
Weight was measured in pounds using a beam balance with participants in a scrub suit without shoes at each visit. Baseline height was measured without shoes to the nearest centimeter using a metal rule attached to a wall and a standard triangular headboard. Body mass index (BMI; kg/m 2 ) was calculated using measured weight and height. Waist and hip circumference were measured at each visit with a metal or plastic tape to the nearest cm with the participant standing. Waist circumference was measured at the level of the umbilicus and hip circumference at the level of the maximum protrusion of the gluteal area. WHR was calculated by dividing waist circumference by hip circumference.
At baseline, participants were asked the highest grade or year of school they had completed and education was categorized as less than high school, high school, and some college or more. Smoking status and alcohol consumption were categorized as current, former, or never at each visit. Frequency of baseline overall sport and exercise-related leisure activity participation was categorized into low (sport index o2), medium (sport index 2-2.9), and high (sport index Z3) from the Baecke questionnaire. 28 African American participants in Minnesota and Maryland were excluded (n ¼ 55), as there were too few to support modeling. Participants who died (n ¼ 1216), were missing (n ¼ 2886), or lacked information on functional limitations and disability (n ¼ 138) at follow-up were also excluded. In addition, participants who were missing or had implausible weight, height, waist, or hip data were excluded (n ¼ 32). Information on functional limitations and disability were not collected at baseline. In an attempt to exclude participants who may have had functional limitations at baseline, participants who used a wheelchair, crutches or walker or walked with a cane (n ¼ 58), those with prevalent coronary heart disease, stroke, cancer, or chronic lung disease (n ¼ 1489), and those with poor self-rated health (n ¼ 97) at baseline were excluded. Participants missing other pertinent covariates (n ¼ 280) were also excluded, as well as those who were underweight at baseline (BMIo18.5 kg/m 2 ; n ¼ 77).
Logistic regression models with generalized logits were used to examine the associations between waist circumference, WHR, and BMI and functional limitations and ADL and IADL impairment at follow-up (PROC LOGISTIC) using SAS version 8.2 (SAS Institute; Cary, NC, USA). 29 The unit of the b-coefficients were set to correspond to the logarithm of the odds ratio for a change of size corresponding to the population standard deviation (s.d.) for waist circumference (13.3 cm), WHR (0.08 U), and BMI (5.06 kg/m 2 ). Owing to our interest of these associations in African Americans, analyses were stratified by gender and race. All analyses were adjusted for age, education, smoking status, alcohol consumption, physical activity, and field center.
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Results
The final analysis sample included 9416 African American and white men and women with information on functional limitations and disability approximately 9 y later (range of 7.4-11.9 y). The mean age at follow-up was 62.5 y (range of 52-75 y). Participants who were excluded were more likely to be African American, older, have a higher mean baseline BMI, and were less likely to have completed high school. Participants excluded because of chronic disease, poor selfrated health, and impaired mobility at baseline were almost twice as likely to have severe functional limitations and more than two-thirds as likely to have ADL and IADL impairment at follow-up than participants included in the analysis sample. The baseline characteristics of the analysis sample are shown in Table 1 . African American men were more likely to be current smokers than African American women and white men and women. African Americans were more likely to have less than a high school education and lower levels of physical activity than whites. African American women were least likely to consume alcoholic beverages. African American women had approximately double the prevalence of obesity compared to African American men and white men and women.
The prevalence of functional limitations and ADL and IADL impairment at follow-up was 48.0, 13.4, and 17.7%, respectively. African American women had the highest prevalence of functional limitations and ADL and IADL impairment, followed by white women, African American men, and white men. The mean baseline waist circumference was higher among those who reported functional limitations and ADL and IADL impairment ( Table 2) .
Baseline waist circumference, WHR, and BMI were positively associated with mild and severe functional limitations at follow-up in African American and white men and women in analyses adjusted for age, education, smoking, alcohol consumption, physical activity, and field center ( Abdominal fat and disability DK Houston et al 1.7-2.5 higher odds of severe limitations. The odds of mild and severe limitations over none for a 1 s.d. increment in BMI were similar to those for waist circumference. Similar associations were found between waist circumference, WHR, and BMI at follow-up and functional limitations (data not shown). Baseline waist circumference, WHR, and BMI were also positively associated with ADL and IADL impairment at follow-up in all race-gender groups (Table 4) The effects of baseline waist circumference and WHR independent of BMI on functional limitations and ADL and IADL impairment at follow-up were also examined (Tables 3  and 4 ). The independent effect of a 1 s.d. increment in waist circumference and WHR after adjusting for BMI were attenuated but, in general, remained significant. It is important to note, however, that waist circumference was highly correlated with BMI (r ¼ 0.87), while WHR was moderately correlated with BMI (r ¼ 0.44). Moderate to high correlations between BMI and waist circumference and BMI Adjusted for age, education (ohigh school, high school graduate, some college or more), smoking status (never, former, current), alcohol consumption (current, former, and never drinkers), physical activity (low, medium, high), and field center at baseline.
b Models also adjusted for BMI. Adjusted for age, education (ohigh school, high school graduate, some college or more), smoking status (never, former, current), alcohol consumption (current, former, and never drinkers), physical activity (low, medium, high), and field center at baseline. b Models also adjusted for BMI.
Abdominal fat and disability DK Houston et al
and WHR make it difficult to statistically separate the effects of abdominal fat distribution from total obesity. Figures 1 and 2 display the odds of functional limitations (mild and severe combined) and ADL and IADL impairment for the entire analysis sample by baseline BMI category and tertiles of waist circumference or WHR. Within each BMI category, the odds of functional limitations and ADL and IADL impairment increased by tertile of waist circumference and WHR. Similarly, the odds of functional limitations and ADL and IADL impairment increased by BMI category within each waist and WHR tertile. Interactions between tertiles of waist circumference or WHR and BMI categories were not significant.
Discussion
In this cohort of African American and white men and women, abdominal fat and obesity were positively associated with functional limitations and disability measured approximately 9 y later. The associations between a 1s.d. unit increment in waist circumference, WHR, and BMI and functional limitations and disability were similar in separate models. A 1 s.d. increment in baseline waist circumference, WHR, and BMI resulted in 40-80% higher odds of mild functional limitations, 70-150% higher odds of severe functional limitations, and 30-70% higher odds of ADL and IADL impairment at follow-up. In addition, although the associations between waist circumference and WHR and functional limitations and disability were attenuated when BMI was added to the model, in general, the associations remained significant. The adverse effects of a large waist circumference and WHR were most evident among those who were obese.
Previous prospective studies found a positive association between obesity and functional limitations and disability in middle-aged and older adults. [1] [2] [3] [4] [5] [6] [7] Obesity may lead to joint wear and tear, reduced exercise capacity, and increased risk of chronic disease such as cardiovascular disease and diabetes, thus resulting in functional limitations and disability. Similar to previous studies, we found that a higher BMI was positively associated with subsequent functional limita- ). The ORs are adjusted for baseline age, gender, race, gender-race interaction, education, smoking status, alcohol consumption, physical activity, and field center. As a result of small numbers, the 2nd and 3rd waist circumference tertiles for normal weight and the 1st and 2nd waist circumference tertiles for obese were collapsed. Referent group: normal weight, lowest waist circumference group. WC: waist circumference. *Po0.05. Abdominal fat and disability DK Houston et al tions and disability in African American and white men and women.
Although abdominal fat has been shown to increase the risk of cardiovascular disease and diabetes and have an effect independent of BMI, [9] [10] [11] [12] [13] less is known about the association between abdominal fat and functional limitations and disability, especially among minority populations. Crosssectional studies found positive associations between large waist circumference and functional limitations [14] [15] [16] and between large WHR and disability. 17 However, cross-sectional studies cannot establish the temporal relationship between abdominal fat and functional limitations and disability.
To our knowledge, only two prospective studies have examined the association between abdominal fat distribution and functional limitations or disability. In these studies, a large waist circumference, but not WHR, increased the risk of functional limitations at follow-up among elderly men and women. 19, 30 In the current study, large waist circumference and WHR were associated with higher odds of functional limitations and disability approximately nine years later in African American and white men and women. In addition to African Americans, Hispanics represent another minority group that experience a higher prevalence of functional limitations and disability than whites. 21 In elderly Hispanics, large waist circumference was positively associated with disability. 18 In addition, the association between waist circumference, but not BMI, and disability remained significant and was stronger when both waist circumference and BMI were in the same model, leading the authors to suggest that abdominal fat was more important than total obesity for disability in elderly Hispanics. In contrast, we found that the associations with functional limitations and disability were attenuated for waist circumference and WHR when adjusting for BMI in the same model; however, for waist circumference and WHR, the associations generally remained significant after adjusting for BMI. This suggests that abdominal fat may have an independent effect on functional limitations and disability among African Americans and whites. A limitation of this work is the lack of baseline functional limitations and disability information. Therefore, participants with indicators of chronic disease, poor self-rated health, and impaired mobility at ages 45-64 y were excluded in order to decrease the likelihood of including participants in the study who had functional limitations or disability at baseline. These exclusions resulted in a relatively healthy cohort, but nevertheless, we cannot be certain that participants in these analyses were free of functional limitations or disability at baseline. Therefore, we cannot entirely rule out the presence of some reverse causality.
The ARIC cohort included large numbers of African American men and women. Previous studies examining the association between obesity and functional limitations and disability have been carried out in predominantly white populations and, to our knowledge, no studies have examined these association with abdominal fat distribution among African Americans. Our work expands significantly on previous work in African Americans in other cohorts [22] [23] [24] as well as the ARIC cohort, 25 and shows associations between obesity and abdominal fat and subsequent functional limitations and disability among African American men and women.
In conclusion, these results suggest that both abdominal fat and obesity in middle adulthood may contribute to subsequent functional limitations and disability among African American and white men and women. In addition, abdominal fat may have an independent effect on functional limitations and disability. Studies to determine if modifiable behaviors, such as physical activity and diet, can prevent undesirable changes in body composition associated with aging, and possibly prevent or delay the onset of functional limitations and disability, are needed.
